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TONER COMPOSITIONS AND PROCESSES 

TECHNICAL FIELD 

This disclosure is generally directed to toner processes, and 
more specifically, emulsion aggregation and coalescence pro 
cesses, as well as toner compositions formed by Such pro 
cesses. More specifically, this disclosure is directed to meth 
ods for the preparation of toner compositions by a chemical 
process, such as emulsion aggregation, wherein the resultant 
toner composition is provided with a tunable triboelectric 
charging characteristic ranging from negative to neutral to 
positive charge. The process generally comprises aggregating 
latex particles, such as latexes containing polyester or Sul 
fonated polyester polymeric particles, with a wax and a colo 
rant, in the presence of a coagulant, followed by adding 
additional coagulant to the Surface of formed toner particles. 

RELATED APPLICATIONS 

Illustrated in copending application U.S. Ser. No. 1 1/187, 
007, filed Jul. 22, 2005, entitled Emulsion Aggregation Toner, 
Developer, and Method of Making the Same, is a toner com 
prising particles of a resin, a colorant, an optional wax, and a 
polyion coagulant, wherein the toner is prepared by an emul 
sion aggregation process. In embodiments, the resin is poly 
ester resin, such as a Sulfonated polyester resin. The toner can 
be made by a process comprising: mixing a resin emulsion, a 
colorant dispersion, and an optional wax to form a mixture; 
adding an organic or an inorganic acid to the mixture; adding 
a polyion coagulant to the mixture; heating the mixture, per 
mitting aggregation and coalescence of the resin and colorant, 
and optionally cooling the mixture and isolating the product, 
wherein the polyion coagulant is added to the mixture at least 
one of before or during the heating. 

Illustrated in copending application U.S. Ser. No. 11/003, 
581, filed Dec. 3, 2004, entitled Toner Compositions, is a 
toner composition comprising: a resin Substantially free of 
cross linking; a cross linked resin; a wax, and a colorant. For 
example, the application illustrates a toner process compris 
ing: mixing a resin Substantially free of cross linking and a 
cross linked resin in the presence of a wax, a colorant, and a 
coagulant to provide toner size aggregates; adding additional 
resin Substantially free of cross linking to the formed aggre 
gates thereby providing a shell over the formed aggregates; 
heating the shell covered aggregates to form toner; and 
optionally, isolating the toner. 

Illustrated in copending application U.S. Ser. No. 11/044, 
847, filed Jan. 27, 2005, entitled Hybrid Toner Processes, is a 
toner process comprised of a first heating of a colorant dis 
persion, a first latex emulsion, a second latex emulsion, and a 
wax dispersion in the presence of a coagulant containing a 
metal ion; adding a third latex, adding an organic sequester 
ing compound or a silicate salt sequestering compound, fol 
lowed by a second heating wherein the first heating is accom 
plished at below about the first latex polymer glass transition 
temperature, and the second heating is above about the first 
latex polymer glass transition temperature, and wherein the 
first latex and the third latex are free of a polyester, and the 
second latex contains a polyester. 

Illustrated in copending application U.S. Ser. No. 10/948, 
450, filed Sep. 23, 2004, entitled Low Melt Toners and Pro 
cesses Thereof, is a process for preparing a low-melt toner, 
the process comprising: forming a pre-toner mixture com 
prising a first alkali Sulfonated polyester resin, a secondalkali 
Sulfonated polyester resin and a colorant; adding an aggre 
gating agent to the pre-toner mixture and aggregating the 
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2 
mixture to form an aggregate mix comprising a plurality of 
aggregate toner particles; coalescing the aggregate mix at a 
temperature of from about 5 to about 20° C. above the glass 
transition temperature (T) of one of the first or secondalkali 
Sulfonated polyester resins to form a mixture of coalesced 
toner particles; and cooling the mixture of coalesced toner 
particles. 

Illustrated in copending application U.S. Ser. No. 10/606, 
330, filed Jun. 25, 2003, entitled Toner Processes, is a toner 
process comprised of heating a mixture of an acicular mag 
netite dispersion, a colorant dispersion, a wax dispersion, a 
first latex containing a crosslinked resin, and a second latex 
containing a resin free of crosslinking in the presence of a 
coagulant to provide aggregates, stabilizing the aggregates 
with a silicate salt dissolved in a base, and further heating the 
aggregates to provide coalesced toner particles. 

Illustrated in copending application U.S. Ser. No. 10/606, 
298, filed Jun. 25, 2003, entitled Toner Processes, is a toner 
process comprised of a first heating of a mixture of an aque 
ous colorant dispersion, an aqueous latex emulsion, and an 
aqueous wax dispersion in the presence of a coagulant to 
provide aggregates, adding a base followed by adding an 
organic sequestering agent, and thereafter accomplishing a 
second heating, and wherein the first heating is below about 
the latex polymer glass transition temperature (Tg), and the 
second heating is about above the latex polymer glass transi 
tion temperature. 

Illustrated in copending application U.S. Ser. No. 10/603, 
449, filed Jun. 25, 2003, entitled Toner Processes, is a toner 
process comprised of a first heating of a colorant dispersion, 
a latex emulsion, and a wax dispersion in the presence of a 
coagulant containing a metal ion; adding a silicate salt; fol 
lowed by a second heating. 

Illustrated in U.S. Pat. No. 6,576,389, filed Oct. 15, 2001 
on Toner Coagulant Processes, is a process for the preparation 
of toner comprising mixing a colorant dispersion, a latex 
emulsion, a wax dispersion and coagulants comprising a col 
loidal alumina coated silica, and a polymetal halide. 
The appropriate components, such as for example, waxes, 

coagulants, resin latexes, Surfactants, and colorants, and pro 
cesses of the above copending applications and patents may 
be selected for the present disclosure in embodiments thereof. 
The entire disclosures of the above-mentioned applications 
are totally incorporated herein by reference. 

BACKGROUND 

Illustrated herein in embodiments are toner processes, and 
more specifically, emulsion aggregation and coalescence pro 
cesses. More specifically, disclosed in embodiments are 
methods for the preparation of toner compositions by a 
chemical process. Such as emulsion aggregation, wherein 
latex particles. Such as latexes containing crystalline or amor 
phous polymeric particles such as polyester or Sulfonated 
polyester, are aggregated with a wax and a colorant, in the 
presence of a coagulant Such as a polymetal halide or other 
monovalent or divalent metal coagulants, optionally adding a 
latex containing further polymeric particles, thereafter stabi 
lizing the aggregates and coalescing or fusing the aggregates 
Such as by heating the mixture above the resin Tg to provide 
toner size particles, and adding additional coagulant to the 
surface of the toner particles to establish a desired triboelec 
tric charging characteristic of the toner particles. 
A number of advantages are associated with the toner 

obtained by the processes illustrated herein. For example, the 
processes provide toner particles having a desired triboelec 
tric charging characteristic, which can range from negative 
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charge, to neutral, to positive charge. These different charging 
characteristics can be desired depending on the particular 
image development system being used and thus the required 
toner charge. For example, negative charged toners are gen 
erally used in discharge area development and semi-conduc- 5 
tive magnetic brush development systems, while positive 
charge toners are generally used in charged area development 
and tri-level development systems. 

In order to provide desired toner charge, conventional prac 
tice has been to either alter the polymeric resin being used, or 10 
apply different post treatments to formed toner particles. 
However, these alternatives require that the toner composi 
tion be redesigned for each different application. 

REFERENCES 15 

In U.S. Pat. No. 6,677,097, there is illustrated a toner for 
developing a static image comprising at least a resin, colorant 
and crystalline Substance. The toner particle has a domain 
matrix structure and the domain has an average of the ratio of 20 
the major axis to the minor axis of from 1.5 to 2.5 when the 
domain is approximated by an ellipse. 

In U.S. Pat. No. 6,602,644, there is illustrated a toner for 
developing an electrostatic latent image. The toner comprises 
a resin, a colorant and a releasing agent or a crystalline poly- 25 
ester compound, and the toner has crushability index from 0.1 
to 0.8. The toner is preferably produced by sat-out/fusion 
adherence of a composite resin particle and a colorant par 
ticle, the composite resin particle comprises polyester com 
pound in a portion of the composite resin particle other than 30 
outermost layer. 

In U.S. Pat. No. 6,617,091, there is illustrated a method of 
preparing toner for developing an electrostatic image. The 
method comprises process for adhering by fusing resin par 
ticles onto Surface of colored particles (core particles) con- 35 
taining a resin particle and a colorant by Salting-out/fusion 
adhering to form the resin layer (shell). 

In U.S. Pat. No. 6,472,117, there is illustrated a toner for 
developing an electrostatic image comprising a resin, a colo 
rant and a releasing agent in which the toner particles are 40 
obtained by Salting out/fusion-adhering a resin particle com 
prising a binding resin and a releasing agent together with a 
colorant particle. The toner comprises the toner particles hav 
ing a variation coefficient of the number particle size distri 
bution of not more than 27 percent. 45 

In U.S. Pat. No. 6,395,442, there is illustrated a toner for 
electrophotography. The resin binder is obtained by fusing 
fine resin particles comprising a crystalline material and 
amorphous polymer in a water-based medium. The crystal 
line material preferably has a melting point of 60 to 130°C., 50 
a number average molecular weight of 1,500 to 15,000, and a 
melt viscosity at the melting point +20° C. of not more than 
100 Pas, and the amorphous polymer is preferably composed 
of a radically polymerizable monomer. 

In U.S. Pat. No. 6,268,102, there is illustrated a process for 55 
the preparation oftoner comprising mixing a colorant a latex, 
and a coagulant, followed by aggregation and coalescence, 
wherein the coagulant may be a polyaluminum Sulfosilicate. 

In U.S. Pat. No. 6,132,924, there is illustrated a process for 
the preparation oftoner comprising mixing a colorant, a latex, 60 
and two coagulants, followed by aggregation and coales 
cence, and wherein one of the coagulants may be polyalumi 
num chloride. 

Illustrated in U.S. Pat. No. 5,994,020, are toner preparation 
processes, and more specifically, a process for the preparation 65 
of toner comprising: 

(i) preparing, or providing a colorant dispersion; 

4 
(ii) preparing, or providing a functionalized wax dispersion 

comprised of a functionalized wax contained in a dis 
persant mixture comprised of a nonionic Surfactant, an 
ionic Surfactant, or mixtures thereof. 

(iii) shearing the resulting mixture of the functionalized 
wax dispersion (ii) and the colorant dispersion (i) with a 
latex or emulsion blend comprised of resin contained in 
a mixture of an anionic Surfactant and a nonionic Sur 
factant; 

(iv) heating the resulting sheared blend of (iii) below about 
the glass transition temperature (Tg) of the resin par 
ticles; 

(V) optionally adding additional anionic Surfactant to the 
resulting aggregated Suspension of (iv) to prevent, or 
minimize additional particle growth of the resulting 
electrostatically bound toner size aggregates during coa 
lescence (iv); 

(vi) heating the resulting mixture of (v) above about the Tg 
of the resin; and optionally, 

(vii) separating the toner particles; and a process for the 
preparation of toner comprising blending a latex emul 
sion containing resin, colorant, and a polymeric addi 
tive; adding an acid to achieve a pH of about 2 to about 
4 for the resulting mixture; heating at a temperature 
about equal to, or about below the glass transition tem 
perature (Tg) of the latex resin; optionally adding an 
ionic Surfactant stabilizer, heating at a temperature 
about equal to, or about above about the Tg of the latex 
resin; and optionally cooling, isolating, washing, and 
drying the toner. 

Illustrated in U.S. Pat. No. 6,541,175, is a process com 
prising: 

(i) providing or generating an emulsion latex comprised of 
Sodio Sulfonated polyester resin particles by heating the 
particles in water at a temperature of from about 65° C. 
to about 90° C.; 

(ii) adding with shearing to the latex (i) a colorant disper 
sion comprising from about 20 percent to about 50 per 
cent of a predispersed colorant in water, followed by the 
addition of an organic or an inorganic acid; 

(iii) heating the resulting mixture at a temperature of from 
about 45° C. to about 65° C. followed by the addition of 
a water insoluble metal salt or a water insoluble metal 
oxide thereby releasing metalions and permitting aggre 
gation and coalescence, optionally resulting in toner 
particles of from about 2 to about 25 microns in volume 
average diameter, and optionally 

(iv) cooling the mixture and isolating the product. 
Also of interest is U.S. Pat. No. 6,416,920, which illus 

trates a process for the preparation of toner comprising mix 
ing a colorant, a latex, and a silica, which silica is coated with 
an alumina. 

Illustrated in U.S. Pat. No. 6,495,302, is a process for the 
preparation of toner comprising 

(i) generating a latex emulsion of resin, water, and an ionic 
Surfactant, and a colorant dispersion of a pigment, water, 
an ionic Surfactant, or a nonionic Surfactant, and wherein 

(ii) the latex emulsion is blended with the colorant disper 
sion; 

(iii) adding to the resulting blend containing the latex and 
coloranta coagulant of a polyaluminum chloride with an 
opposite charge to that of the ionic Surfactant latex colo 
rant, 

(iv) heating the resulting mixture below or equal to about 
the glass transition temperature (Tg) of the latex resin to 
form aggregates; 
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(v) optionally adding a second latex comprised of Submi 
cron resin particles Suspended in an aqueous phase (iv) 
resulting in a shell or coating wherein the shell is option 
ally of from about 0.1 to about 1 micron in thickness, and 
wherein optionally the shell coating is contained on 100 
percent of the aggregates: 

(vi) adding an organic water Soluble or water insoluble 
chelating component to the aggregates of (v) particles, 
followed by adding a base to change the resulting toner 
aggregate mixture from a pH which is initially from 
about 1.9 to about 3 to a pH of about 5 to about 9: 

(vii) heating the resulting aggregate Suspension of (vi) 
above about the Tg of the latex resin: 

(viii) optionally retaining the mixture (vii) at a temperature 
of from about 70° C. to about 95°C.; 

(ix) changing the pH of the (viii) mixture by the addition of 
an acid to arrive at a pH of about 1.7 to about 4; and 

(X) optionally isolating the toner. 
Illustrated in U.S. Pat. No. 6,500.597, is a process com 

prising 
(i) blending a colorant dispersion of a pigment, water, and 

an anionic Surfactant, or a nonionic Surfactant with 
(ii) a latex emulsion comprised of resin, water, and an ionic 

Surfactant; 
(iii) adding to the resulting blend a first coagulant of poly 
aluminum sulfosilicate (PASS) and a second cationic 
co-coagulant having an opposite charge polarity to that 
of the latex surfactant; 

(iv) heating the resulting mixture below about the glass 
transition temperature (Tg) of the latex resin; 

(v) adjusting with a base the pH of the resulting toner 
aggregate mixture from a pH which is in the range of 
about 1.8 to about 3 to a pH range of about 5 to about 9: 

(vi) heating above about the Tg of the latex resin: 
(vii) changing the pH of the mixture by the addition of a 

metal salt to arrive at a pH of from about 2.8 to about 5: 
and 

(viii) optionally isolating the product. 
Emulsion/aggregation/coalescing processes for the prepa 

ration of toners are illustrated in a number of Xerox patents, 
such as U.S. Pat. Nos. 5,290,654, 5,278,020, 5,308,734, 
5,370,963, 5,344,738, 5,403,693, 5,418,108, 5,364,729, and 
5,346,797; and also of interest may be U.S. Pat. Nos. 5,348, 
832; 5,405,728; 5,366,841; 5,496,676; 5,527,658: 5,585,215; 
5,650,255; 5,650,256 5,501,935; 5,723,253; 5,744,520; 
5,763,133; 5,766,818; 5,747.215; 5,827,633; 5,853,944; 
5,804,349; 5,840,462; 5,869,215; 5,869,215; 5,863,698: 
5,902,710; 5,910,387; 5,916,725; 5,919,595; 5,925,488 and 
5,977,210. 

In addition, the following U.S. patents relate to emulsion 
aggregation toner processes. 

U.S. Pat. No. 5,922,501, illustrates a process for the prepa 
ration of toner comprising blending an aqueous colorant dis 
persion and a latex resin emulsion, and which latex resin is 
generated from a dimeric acrylic acid, an oligomer acrylic 
acid, or mixtures thereof and a monomer, heating the result 
ing mixture at a temperature about equal, or below about the 
glass transition temperature (Tg) of the latex resin to form 
aggregates; heating the resulting aggregates at a temperature 
about equal to, or above about the Tg of the latex resin to 
effect coalescence and fusing of the aggregates; and option 
ally isolating the toner product, washing, and drying. 

U.S. Pat. No. 5,945.245, illustrates a surfactant free pro 
cess for the preparation oftoner comprising heating a mixture 
of an emulsion latex, a colorant, and an organic complexing 
agent. 
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6 
The disclosures of each of the foregoing patents and pub 

lications are hereby incorporated by reference herein in their 
entireties. The appropriate components and process aspects 
of the each of the foregoing patents and publications may also 
be selected for the present compositions and processes in 
embodiments thereof. 

SUMMARY 

A toner composition and a process for preparing a toner 
including, for example, an emulsion aggregation process for 
preparing a toner, are described. The toner composition com 
prises, for example, particles of a resin Such as a polyester 
resin, a colorant, a wax, and a coagulant Such as a monovalent 
metal, divalent metal, or polyion coagulant, wherein said 
toner is prepared by an emulsion aggregation process, and 
where the coagulant is incorporated into the toner particles 
and is also applied as a surface treatment to the formed toner 
particles. The resin can be a crystalline or an amorphous 
polymeric resin, or a mixture thereof. 
A process for preparing a toner comprises, for example, 

mixing a resin Such as a polyester resin with a wax, a colorant, 
and a coagulant to provide toner size aggregates; optionally 
adding additional resin to the formed aggregates thereby pro 
viding a shell, having a thickness of for example about 0.1 to 
about 2 or about 5 microns, such as about 0.3 to about 0.8 
micrometers, over the formed aggregates; heating the option 
ally shell covered aggregates to form toner; adding additional 
coagulantas a Surface treatment to the formed toner particles; 
and, optionally, isolating the toner. In embodiments, the heat 
ing comprises a first heating below the glass transition tem 
perature of the resin substantially free of cross linking and a 
second heating above the glass transition temperature of the 
resin Substantially free of cross linking. In embodiments, the 
toner process provides toner particles having a desired tri 
boelectric charging characteristic, which can range from 
negative charge, to neutral, to positive charge. 

In an embodiment, the present disclosure provides a toner 
composition comprising: 

toner particles comprising: 
a polymeric resin; 
a colorant; 
a wax, and 
an optional second coagulant, and 
a first coagulant applied as a Surface additive to a Surface of 

said toner particles to alter a triboelectric charge of said toner 
particles. 

In another embodiment, the present disclosure provides a 
process for preparing a toner, comprising: 

mixing a polymeric resin emulsion, a colorant dispersion, 
and a wax to form a mixture; 

adding an organic or an inorganic acid to said mixture; 
optionally adding a second coagulant to said mixture; 
heating the mixture, permitting aggregation and coales 

cence of said polymeric resin, colorant, and wax, to form 
toner particles, 

optionally cooling the mixture and isolating the toner par 
ticles, and 

adding a first coagulantas a Surface additive to a surface of 
said toner particles to alter a triboelectric charge of said toner 
particles. 

EMBODIMENTS 

The toner of the present disclosure is comprised of toner 
particles comprised of at least a latex emulsion polymer resin 
Such as a polyester polymer resin, a wax, a colorant, and an 
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optional coagulant. The formed toner particles further com 
prise additional coagulant applied as a Surface treatment to 
the toner particles. The toner particles may also include other 
conventional optional additives, such as colloidal silica (as a 
flow agent) and the like. 
The specific latex for resin, polymer or polymers selected 

for the toner of the present disclosure include polyester and/or 
its derivatives, including polyester resins and branched poly 
ester resins, polyimide resins, branched polyimide resins, 
poly(styrene-acrylate) resins, crosslinked poly(styrene-acry 
late) resins, poly(styrene-methacrylate) resins, crosslinked 
poly(styrene-methacrylate) resins, poly(styrene-butadiene) 
resins, crosslinked poly(styrene-butadiene) resins, alkali Sul 
fonated-polyester resins, branched alkali Sulfonated-polyes 
terresins, alkali Sulfonated-polyimide resins, branched alkali 
Sulfonated-polyimide resins, alkali Sulfonated poly(styrene 
acrylate) resins, crosslinked alkali Sulfonated poly(styrene 
acrylate) resins, poly(styrene-methacrylate) resins, 
crosslinked alkali Sulfonated-poly(styrene-methacrylate) 
resins, alkali Sulfonated-poly(styrene-butadiene) resins, 
crosslinked alkali Sulfonated poly(styrene-butadiene) resins, 
and the like. In an embodiment, for example, a particularly 
desirable resin is a polyester, such as a Sulfonated polyester. 

Illustrative examples of polymer resins selected for the 
process and particles of the present disclosure include any of 
the various polyesters, such as polyethylene-terephthalate, 
polypropylene-terephthalate, polybutylene-terephthalate, 
polypentylene-terephthalate, polyhexylene-terephthalate, 
polyheptadene-terephthalate, polyoctalene-terephthalate, 
polyethylene-sebacate, polypropylene sebacate, polybuty 
lene-sebacate, polyethylene-adipate, polypropylene-adipate, 
polybutylene-adipate, polypentylene-adipate, polyhexylene 
adipate, polyheptadene-adipate, polyoctalene-adipate, poly 
ethylene-glutarate, polypropylene-glutarate, polybutylene 
glutarate, polypentylene-glutarate, polyhexylene-glutarate, 
polyheptadene-glutarate, polyoctalene-glutarate polyethyl 
ene-pimelate, polypropylene-pimelate, polybutylene-pime 
late, polypentylene-pimelate, polyhexylene-pimelate, poly 
heptadene-pimelate, poly(propoxylated bisphenol 
fumarate), poly(propoxylated bisphenol-succinate), poly 
(propoxylated bisphenol-adipate), poly(propoxylated 
bisphenol-glutarate), SPARTM (Dixie Chemicals), BECKO 
SOLTM (Reichhold Chemical Inc), ARAKOTETM (Ciba 
Geigy Corporation), HETRONTM (Ashland Chemical), 
PARAPLEXTM (Rohm & Hass), POLYLITETM (Reichhold 
Chemical Inc), PLASTHALLTM (Rohm & Hass), CYGALTM 
(American Cyanamide), ARMCOTM (Armco Composites), 
ARPOLTM (Ashland Chemical), CELANEXTM (Celanese 
Eng), RYNITETM (DuPont), STYPOLTM (Freeman Chemical 
Corporation) mixtures thereof and the like. The resins can 
also be functionalized. Such as carboxylated, Sulfonated, or 
the like, and particularly Such as Sodio Sulfonated, if desired. 

In embodiments, a Sulfonated polyester resin Such as a 
Sodio Sulfonated polyester resin is used in the toner particles. 
When used, the sulfonated polyester resin can have any 
desired degree of Sulfonation. For example, the Sulfonation 
degree can be from about 0.1 to about 15 percent or to about 
20 percent, such as from about 0.3 to about 6 percent. 
The latex polymer of embodiments can be either crystal 

line, amorphous, or a mixture thereof. Thus, for example, the 
toner particles can be comprised of crystalline latex polymer, 
amorphous latex polymer, or a mixture of two or more latex 
polymers where one or more latex polymer is crystalline and 
one or more latex polymer is amorphous. 
The crystalline resins, which are available from a number 

of sources, can be prepared by a polycondensation process by 
reacting an organic diol, and an organic diacid in the presence 
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8 
of a polycondensation catalyst. Generally, a stoichiometric 
equimolar ratio of organic diol and organic diacid is utilized, 
however, in Some instances, wherein the boiling point of the 
organic diol is from about 180°C. to about 230°C., an excess 
amount of diol can be utilized and removed during the poly 
condensation process. The amount of catalyst utilized varies, 
and can be selected in an amount, for example, of from about 
0.01 to about 1 mole percent of the resin. Additionally, in 
place of the organic diacid, an organic diester can also be 
selected, and where an alcohol byproduct is generated. 

Examples of organic diols includealiphatic diols with from 
about 2 to about 36 carbon atoms, such as 1.2-ethanediol. 
1,3-propanediol, 1,4-butanediol. 1.5-pentanediol, 1.6-hex 
anediol. 1.7-heptanediol. 1.8-Octanediol, 1.9-nonanediol. 
1,10-decanediol, 1,12-dodecanediol, and the like; alkali 
Sulfo-aliphatic diols such as Sodio 2-sulfo-1,2-ethanediol. 
lithio 2-sulfo-1,2-ethanediol, potassio 2-sulfo-1,2- 
ethanediol, sodio 2-sulfo-1,3-propanediol, lithio 2-sulfo-1,3- 
propanediol, potassio 2-sulfo-1,3-propanediol, mixture 
thereof, and the like. The aliphatic diol is, for example, 
selected in an amount of from about 45 to about 50 mole 
percent of the resin, and the alkali sulfo-aliphatic diol can be 
selected in an amount of from about 1 to about 10 mole 
percent of the resin. 

Examples of organic diacids or diesters selected for the 
preparation of the crystalline polyester resins include Oxalic 
acid, Succinic acid, glutaric acid, adipic acid, Suberic acid, 
aZelaic acid, sebacic acid, phthalic acid, isophthalic acid, 
terephthalic acid, napthalene-2,6-dicarboxylic acid, naphtha 
lene-2,7-dicarboxylic acid, cyclohexane dicarboxylic acid, 
malonic acid and mesaconic acid, a diester or anhydride 
thereof; and an alkali sulfo-organic diacid such as the sodio, 
lithio or potassium salt of dimethyl-5-sulfo-isophthalate, 
dialkyl-5-sulfo-isophthalate-4-sulfo-1.8-naphthalic anhy 
dride, 4-sulfo-phthalic acid, dimethyl-4-sulfo-phthalate, 
dialkyl-4-sulfo-phthalate, 4-sulfophenyl-3,5-dicar 
bomethoxybenzene, 6-sulfo-2-naphthyl-3,5-dicarbometh 
oxybenzene, sulfo-terephthalic acid, dimethyl-sulfo-tereph 
thalate, 5-sulfo-isophthalic acid, dialkyl-sulfo-terephthalate, 
sulfoethanediol, 2-sulfopropanediol, 2-sulfobutanediol, 
3-sulfopentanediol, 2-sulfohexanediol, 3-sulfo-2-methyl 
pentanediol, 2-sulfo-3,3-dimethylpentanediol, Sulfo-p-hy 
droxybenzoic acid, N,N-bis(2-hydroxyethyl)-2-amino 
ethane Sulfonate, or mixtures thereof. The organic diacid is 
selected in an amount of, for example, from about 40 to about 
50 mole percent of the resin, and the alkali sulfoaliphatic 
diacid can be selected in an amount of from about 1 to about 
10 mole percent of the resin. There can be selected for the 
third latex branched amorphous resin an alkali sulfonated 
polyester resin. Examples of suitable alkali sulfonated poly 
ester resins include, the metal or alkali salts of copoly(ethyl 
ene-terephthalate)-copoly-(ethylene-5-sulfo-isophthalate), 
copoly(propylene-terephthalate)-copoly(propylene-5-Sulfo 
isophthalate), copoly(diethylene-terephthalate)-copoly(di 
ethylene-5-sulfo-isophthalate), copoly(propylene-diethyl 
ene-terephthalate)-copoly(propylene-diethylene-5-sulfo 
isophthalate), copoly(propylene-butylene-terephthalate)- 
copoly(propylene-butylene-5-Sulfo-isophthalate), copoly 
(propoxylated bisphenol-A-fumarate)-copoly(propoxylated 
bisphenol-A-5-sulfo-isophthalate), copoly(ethoxylated 
bisphenol-A-fumarate)-copoly(ethoxylated bisphenol-A-5- 
Sulfo-isophthalate), and copoly(ethoxylated bisphenol-A- 
maleate)-copoly(ethoxylated bisphenol-A-5-sulfo-isophtha 
late), and wherein the alkali metal is, for example, a Sodium, 
lithium or potassium ion. 

Examples of crystalline based polyester resins include 
alkali copoly(5-Sulfo-isophthaloyl)-co-poly(ethylene-adi 
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pate), alkalicopoly(5-Sulfo-isophthaloyl)-copoly(propylene 
adipate), alkali copoly(5-Sulfo-isophthaloyl)-copoly(buty 
lene-adipate), alkali copoly(5-Sulfo-isophthaloyl)-copoly 
(pentylene-adipate), alkali copoly(5-Sulfo-isophthaloyl)- 
copoly(octylene-adipate), alkali copoly(5-sulfo 
isophthaloyl)-copoly(ethylene-adipate), alkali copoly(5- 
Sulfo-isophthaloyl)-copoly(propylene-adipate), alkali 
copoly(5-Sulfo-isophthaloyl)-co-poly(butylene-adipate), 
alkali copoly(5-Sulfo-isophthaloyl)-copoly(pentylene-adi 
pate), alkali copoly(5-Sulfo-isophthaloyl)-copoly(hexylene 
adipate), alkali copoly(5-Sulfo-isophthaloyl)-copoly(octy 
lene-adipate), alkali copoly(5-Sulfo-isophthaloyl)-copoly 
(ethylene-Succinate), alkali copoly(5-Sulfo-isophthaloyl 
copoly(butylene-succinate), alkali copoly(5-sulfo 
isophthaloyl)-copoly(hexylene-succinate), alkali copoly(5- 
Sulfo-isophthaloyl)-copoly(octylene-Succinate), alkali 
copoly(5-Sulfo-isophthaloyl)-copoly(ethylene-sebacate), 
alkali copoly(5-Sulfo-isophthaloyl)-copoly(propylene-seba 
cate), alkali copoly(5-Sulfo-isophthaloyl)-copoly(butylene 
sebacate), alkalicopoly(5-Sulfo-isophthaloyl)-copoly(penty 
lene-sebacate), alkali copoly(5-Sulfo-isophthaloyl)-copoly 
(hexylene-sebacate), alkali copoly(5-Sulfo-isophthaloyl)- 
copoly(octylene-sebacate), alkali copoly(5-sulfo 
isophthaloyl)-copoly(ethylene-adipate), alkali copoly(5- 
Sulfo-isophthaloyl)-copoly(propylene-adipate), alkali 
copoly(5-Sulfo-iosphthaloyl)-copoly(butylene-adipate), 
alkali copoly(5-Sulfo-isophthaloyl)-copoly(pentylene-adi 
pate), alkali copoly(5-Sulfo-isophthaloyl)-copoly(hexylene 
adipate), poly(octylene-adipate); and wherein alkali is a 
metal of Sodium, lithium or potassium, and the like. In 
embodiments, the alkali metal is lithium. 
The latex polymer may be present in an amount of from 

about 70 to about 95% by weight of the toner particles (i.e., 
toner particles exclusive of external additives) on a solids 
basis, such as from about 75 to about 85% by weight of the 
toner. However, amounts outside of these ranges can be used, 
in embodiments, depending upon the type and amounts of 
other materials present. 
The monomers used in making the selected polymer are 

not limited, and the monomers utilized may include any one 
or more of for example, ethylene, propylene, and the like. 
Known chain transfer agents, for example dodecanethiol or 
carbon tetrabromide, can be utilized to control the molecular 
weight properties of the polymer. Any suitable method for 
forming the latex polymer from the monomers may be used 
without restriction. 

The polyester resin latex or emulsion can be prepared by 
any Suitable means. For example, the latex or emulsion can be 
prepared by taking the resin and heating it to its melting 
temperature and dispersing the resin in an aqueous phase 
containing a surfactant. The dispersion can be carried out by 
various dispersing equipment Such as ultimizer, high speed 
homogenizer, or the like to provide Submicron resin particles. 
Other ways to prepare the polyester resin latex or emulsion 
include Solubilizing the resin in a solvent and adding it to 
heated water to flash evaporate the solvent. External disper 
sion can also be employed to assist the formation of emulsion 
as the solvent is being evaporated. Polyester resin emulsions 
prepared by other means or methods can also be utilized in the 
preparation of the toner composition. 
The polyester resin, such as crystalline polyester resin, can 

possess various melting points of for example, from about 
30° C. to about 120° C., or from about 35° C. to about 90° C. 
such as from about 40°C. to about 80°C. The polyester resin 
may have, for example, a number average molecular weight 
(M), as measured by gel permeation chromatography (GPC) 
of from about 1,000 to about 50,000, or from about 2,000 to 
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10 
about 25,000. The weight average molecular weight (M) of 
the crystalline polyester resin may be, for example, from 
about 2,000 to about 100,000, and from about 3,000 to about 
80,000, as determined by gel permeation chromatography 
using polystyrene standards. The molecular weight distribu 
tion (M/M) of the crystalline polyester resin may be, for 
example, from about 2 to about 6, and more specifically, from 
about 2 to about 4. 

The polyester resin particles in embodiments have an aver 
age particle diameter in the range of about 0.01 to about 10 
microns, such as from about 0.1 to about 0.3 microns. 
The polyester resin latex in embodiments is present in an 

amount of from about 5 to about 50 percent by weight oftoner 
latex, such as from about 10 to about 30 percent or about 15% 
by weight of toner latex. However, amounts outside these 
ranges can be used. 

In addition to the latex polymer binder, the toners of the 
present disclosure also contain a wax, typically provided in a 
wax dispersion, which wax dispersion can be of a single type 
of wax or a mixture of two or more preferably different waxes. 
A single wax can be added to toner formulations, for example, 
to improve particular toner properties, such as toner particle 
shape, presence and amount of wax on the toner particle 
Surface, charging and/or fusing characteristics, gloss, Strip 
ping, offset properties, and the like. Alternatively, a combi 
nation of waxes can be added to provide multiple properties to 
the toner composition. 
When a wax dispersion is used, the wax dispersion can 

include any of the various waxes conventionally used in emul 
sion aggregation toner compositions. Suitable examples of 
waxes include polyethylene, polypropylene, polyethylene/ 
amide, polyethylenetetrafluoroethylene, and polyethylene 
tetrafluoroethylene/amide. Other examples include, for 
example, polyolefin waxes, such as polyethylene waxes, 
including linear polyethylene waxes and branched polyeth 
ylene waxes, and polypropylene waxes, including linear 
polypropylene waxes and branched polypropylene waxes; 
paraffin waxes; Fischer-Tropsch waxes; amine waxes; sili 
cone waxes; mercapto waxes; polyester waxes; urethane 
waxes; modified polyolefin waxes (e.g., a carboxylic acid 
terminated polyethylene wax or a carboxylic acid-terminated 
polypropylene wax); amide waxes, such as aliphatic polar 
amide functionalized waxes; aliphatic waxes consisting of 
esters of hydroxylated unsaturated fatty acids; high acid 
waxes, such as high acid montan waxes; microcrystalline 
waxes, such as waxes derived from distillation of crude oil; 
and the like. By “high acid waxes” it is meant a wax material 
that has a high acid content. The waxes can be crystalline or 
non-crystalline, as desired, although crystalline waxes are 
preferred, in embodiments. By “crystalline polymeric waxes’ 
it is meant that a wax material contains an ordered array of 
polymer chains within a polymer matrix that can be charac 
terized by a crystalline melting point transition temperature, 
Tm. The crystalline melting temperature is the melting tem 
perature of the crystalline domains of a polymer sample. This 
is in contrast to the glass transition temperature, Tg, which 
characterizes the temperature at which polymer chains begin 
to flow for the amorphous regions within a polymer. 
To incorporate the wax into the toner, it is desirable for the 

wax to be in the form of one or more aqueous emulsions or 
dispersions of solid wax in water, where the solid wax particle 
size is usually in the range of from about 100 to about 500 nm. 
The toners may contain the wax in any amount of from, for 

example, about 3 to about 15% by weight of the toner, on a dry 
basis. For example, the toners can contain from about 5 to 
about 11% by weight of the wax. 
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The toners also contain at least one colorant. For example, 
colorants or pigments as used herein include pigment, dye, 
mixtures of pigment and dye, mixtures of pigments, mixtures 
of dyes, and the like. For simplicity, the term “colorant’ as 
used herein is meant to encompass Such colorants, dyes, 
pigments, and mixtures, unless specified as a particular pig 
ment or other colorant component. In embodiments, the colo 
rant comprises a pigment, a dye, mixtures thereof, carbon 
black, magnetite, black, cyan, magenta, yellow, red, green, 
blue, brown, mixtures thereof, in an amount of about 1% to 
about 25% by weight based upon the total weight of the 
composition. It is to be understood that other useful colorants 
will become readily apparent based on the present disclo 
SUCS. 

In general, useful colorants include Paliogen Violet 5100 
and 5890 (BASF), Normandy Magenta RD-2400 (Paul Uhl 
rich), Permanent Violet VT2645 (Paul Uhlrich), Heliogen 
Green L8730 (BASF), Argyle Green XP-111-S (Paul Uhl 
rich), Brilliant Green Toner GR 0991 (Paul Uhlrich), Lithol 
Scarlet D3700 (BASF), Toluidine Red (Aldrich), Scarlet for 
Thermoplast NSD Red (Aldrich), Lithol Rubine Toner (Paul 
Uhlrich), Lithol Scarlet 4440, NBD 3700 (BASF), Bon RedC 
(Dominion Color), Royal Brilliant Red RD-8192 (Paul Uhl 
rich), Oracet Pink RF (Ciba Geigy), Paliogen Red 3340 and 
3871 K (BASF), Lithol Fast Scarlet L4300 (BASF), Heliogen 
Blue D6840, D7080, K7090, K6910 and L7020 (BASF), 
Sudan Blue OS (BASF), Neopen Blue FF4012 (BASF), PV 
Fast Blue B2G01 (American Hoechst), Irgalite Blue BCA 
(Ciba Geigy), Paliogen Blue 6470 (BASF), Sudan II, III and 
IV (Matheson, Coleman, Bell), Sudan Orange (Aldrich), 
Sudan Orange 220 (BASF), Paliogen Orange 3040 (BASF), 
Ortho Orange OR 2673 (Paul Uhlrich), Paliogen Yellow 152 
and 1560 (BASF), Lithol Fast Yellow 0991K (BASF), Palio 
tol Yellow 1840 (BASF), Novaperm Yellow FGL (Hoechst), 
Permanerityellow YE 0305 (Paul Uhlrich), Lumogen Yellow 
D0790 (BASF), Suco-Gelb 1250 (BASF), Suco-Yellow 
D1355 (BASF), Suco Fast Yellow D1165, D1355 and D1351 
(BASF), Hostaperm Pink E (Hoechst), Fanal Pink D4830 
(BASF), Cinquasia Magenta (DuPont), Paliogen Black 
L99849BASF), Pigment Black K801 (BASF) and particu 
larly carbon blacks such as REGAL 330 (Cabot), Carbon 
Black 5250 and 5750 (Columbian Chemicals), and the like or 
mixtures thereof. 

Additional useful colorants include pigments in water 
based dispersions such as those commercially available from 
Sun Chemical, for example SUNSPERSE BHD 601 1X (Blue 
15 Type), SUNSPERSE BHD 93.12X (Pigment Blue 15 
74.160), SUNSPERSE BHD 6000X (Pigment Blue 15:3 
74.160), SUNSPERSE GHD 9600X and GHD 6004X (Pig 
ment Green 774260), SUNSPERSE QHD 6040X (Pigment 
Red 122 73915), SUNSPERSE RHD 9668X (Pigment Red 
185 12516), SUNSPERSE RHD 9365X and 9504X (Pigment 
Red57 15850:1, SUNSPERSEYHD 6005X (PigmentYellow 
83 21108), FLEXIVERSE YFD 4249 (Pigment Yellow 17 
21105), SUNSPERSEYHD 6020X and 6045X (PigmentYel 
low 74 11741), SUNSPERSE YHD 600X and 9604X (Pig 
ment Yellow 14 21095), FLEXIVERSELFD 4343 and LFD 
9736 (Pigment Black 7 77226) and the like or mixtures 
thereof. Other useful water based colorant dispersions 
include those commercially available from Clariant, for 
example, HOSTAFINE Yellow GR, HOSTAFINE Black T 
and Black TS, HOSTAFINE Blue B2G, HOSTAFINE 
Rubine F6B and magenta dry pigment such as Toner Magenta 
6BVP2213 and Toner Magenta EO2 which can be dispersed 
in water and/or Surfactant prior to use. 

Other useful colorants include, for example, magnetites, 
such as Mobay magnetites MO8029, MO8960; Columbian 
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12 
magnetites, MAPICO BLACKS and surface treated magne 
tites; Pfizer magnetites CB4799, CB5300, CB5600, 
MCX6369; Bayer magnetites, BAYFERROX 8600, 8610; 
Northern Pigments magnetites, NP-604, NP-608; Magnox 
magnetites TMB-100 or TMB-104; and the like or mixtures 
thereof. Specific additional examples of pigments include 
phthalocyanine HELIOGEN BLUE L6900, D6840, D7080, 
D7020, PYLAMOIL BLUE, PYLAMOILYELLOW, PIG 
MENT BLUE 1 available from Paul Uhlrich & Company, 
Inc., PIGMENT VIOLET 1, PIGMENT RED 48, LEMON 
CHROME YELLOW DCC 1026, E.D. TOLUIDINE RED 
and BON RED C available from Dominion Color Corpora 
tion, Ltd., Toronto, Ontario, NOVAPERMYELLOW FGL, 
HOSTAPERM PINK E from Hoechst, and CINQUASIA 
MAGENTA available from E.I. DuPont de Nemours & Com 
pany, and the like. Examples of magentas include, for 
example, 2.9-dimethyl Substituted quinacridone and 
anthraquinone dye identified in the Color Index as CI 60710, 
CI Dispersed Red 15, diazo dye identified in the Color Index 
as CI 26050, CI Solvent Red 19, and the like or mixtures 
thereof. Illustrative examples of cyans include copper tetra 
(octadecyl Sulfonamide) phthalocyanine, X-copper phthalo 
cyanine pigment listed in the Color Index as CIT4160, CI 
Pigment Blue, and Anthrathrene Blue identified in the Color 
Index as DI 69810, Special Blue X-2137, and the like or 
mixtures thereof. Illustrative examples of yellows that may be 
selected include diarylide yellow 3.3-dichlorobenzidene 
acetoacetanilides, a monoazo pigment identified in the Color 
Index as CI 12700, CISolventyellow 16, a nitrophenylamine 
sulfonamide identified in the Color Index as Foron Yellow 
SE/GLN, CI Dispersed Yellow 33 2,5-dimethoxy-4-sulfona 
nilide phenylaZo-4'-chloro-2,4-dimethoxy acetoacetanilide, 
and Permanent Yellow FGL. Colored magnetites, such as 
mixtures of MAPICOBLACK and cyan components may 
also be selected as pigments. 
The colorant, Such as carbon black, cyan, magenta and/or 

yellow colorant, is incorporated in an amount Sufficient to 
impart the desired color to the toner. In general, pigment or 
dye is employed in an amount ranging from about 1% to about 
35% by weight of the toner particles on a solids basis, such as 
from about 5% to about 25% by weight or from about 5 to 
about 15% by weight. However, amounts outside these ranges 
can also be used, in embodiments. 
The toners of the present disclosure may also contain a 

coagulant, Such as a monovalent metal coagulant, a divalent 
metal coagulant, a polyion coagulant, or the like. A variety of 
coagulants are known in the art, as described above. As used 
herein, "polyion coagulant” refers to a coagulant that is a salt 
or oxide. Such as a metal salt or metal oxide, formed from a 
metal species having a valence of at least 3, and desirably at 
least 4 or 5. Suitable coagulants thus include, for example, 
coagulants based on aluminum Such as polyaluminum halides 
Such as polyaluminum fluoride and polyaluminum chloride 
(PAC), polyaluminum silicates Such as polyaluminum Sulfo 
silicate (PASS), polyaluminum hydroxide, polyaluminum 
phosphate, and the like. Other Suitable coagulants include, 
but are not limited to, tetraalkyl titinates, dialkyltin oxide, 
tetraalkyltin oxide hydroxide, dialkyltin oxide hydroxide, 
aluminum alkoxides, alkylzinc, dialkyl Zinc, Zinc oxides, 
stannous oxide, dibutyltin oxide, dibutyltin oxide hydroxide, 
tetraalkyl tin, and the like. Where the coagulant is a polyion 
coagulant, the coagulants may have any desired number of 
polyion atoms present. For example, Suitable polyaluminum 
compounds in embodiments have from about 2 to about 13, 
Such as from about 3 to about 8, aluminum ions present in the 
compound 
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Such coagulants can be incorporated into the toner par 
ticles during particle aggregation. As such, the coagulant can 
be present in the toner particles, exclusive of external addi 
tives (and including exclusive of Subsequently applied addi 
tional coagulant as a Surface additive) and on a dry weight 
basis, in amounts of from 0 to about 5% by weight of the toner 
particles, such as from about greater than 0 to about 3% by 
weight of the toner particles. 
As described below, an additional amount of coagulant 

material is applied to the formed toner particles as an external 
or Surface additive. Such additional coagulant material can be 
the same type of coagulant material that is used informing the 
toner particles (and thus that is incorporated into the bulk 
toner particle), or it can be one or more different kinds of 
coagulant material, including those described above. 
The toner may also include additional known positive or 

negative charge additives in effective Suitable amounts of for 
example, from about 0.1 to about 5 weight percent of the 
toner, such as quaternary ammonium compounds inclusive of 
alkyl pyridinium halides, bisulfates, organic sulfate and Sul 
fonate compositions such as disclosed in U.S. Pat. No. 4.338, 
390, cetyl pyridinium tetrafluoroborates, distearyl dimethyl 
ammonium methyl Sulfate, aluminum salts or complexes, and 
the like. 

Also, in preparing the toner by the emulsion aggregation 
procedure, one or more surfactants may be used in the pro 
cess. Suitable Surfactants include anionic, cationic and non 
ionic Surfactants. In embodiments, the use of anionic and 
nonionic Surfactants are preferred to help stabilize the aggre 
gation process in the presence of the coagulant, which other 
wise could lead to aggregation instability. 

Anionic surfactants include sodium dodecylsulfate (SDS), 
Sodium dodecylbenzene Sulfonate, Sodium dodecylnaphtha 
lene Sulfate, dialkyl benzenealkyl, Sulfates and Sulfonates, 
abitic acid, and the NEOGEN brand of anionic surfactants. 
An example of a suitable anionic surfactant is NEOGENRK 
available from Daiichi Kogyo Seiyaku Co. Ltd., or TAYCA 
POWER BN2060 from Tayca Corporation (Japan), which 
consists primarily of branched sodium dodecylbenzene Sul 
phonate. 

Examples of cationic Surfactants include dialkylbenzene 
alkyl ammonium chloride, lauryl trimethyl ammonium chlo 
ride, alkylbenzyl methyl ammonium chloride, alkyl benzyl 
dimethyl ammonium bromide, benzalkonium chloride, cetyl 
pyridinium bromide, C, Cs, C, trimethyl ammonium bro 
mides, halide Salts of quaternized polyoxyethylalkylamines, 
dodecylbenzyl triethyl ammonium chloride, MIRAPOL and 
ALKAQUAT available from Alkaril Chemical Company, 
SANISOL (benzalkonium chloride), available from Kao 
Chemicals, and the like. An example of a Suitable cationic 
surfactant is SANISOL B-50 available from Kao Corp., 
which consists primarily of benzyl dimethyl alkonium chlo 
ride. 

Examples of nonionic Surfactants include polyvinyl alco 
hol, polyacrylic acid, methalose, methyl cellulose, ethyl cel 
lulose, propyl cellulose, hydroxy ethyl cellulose, carboxy 
methyl cellulose, polyoxyethylene cetyl ether, polyoxyethyl 
ene lauryl ether, polyoxyethylene octyl ether, polyoxyethyl 
ene octylphenyl ether, polyoxyethylene oleyl ether, polyoxy 
ethylene Sorbitan monolaurate, polyoxyethylene Stearyl 
ether, polyoxyethylene nonylphenyl ether, dialkylphenoxy 
poly(ethyleneoxy)ethanol, available from Rhone-Poulenc 
Inc. as IGEPAL CA-210, IGEPAL CA-520, IGEPAL 
CA-720, IGEPAL CO-890, IGEPAL CO-720, IGEPAL 
CO-290, IGEPAL CA-210, ANTAROX 890 and ANTAROX 
897. An example of a suitable nonionic surfactant is 
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14 
ANTAROX 897 available from Rhone-Poulenc Inc., which 
consists primarily of alkyl phenol ethoxylate. 

Examples of bases used to increase the pH and hence ionize 
the aggregate particles thereby providing stability and pre 
venting the aggregates from growing in size can be selected 
from Sodium hydroxide, potassium hydroxide, ammonium 
hydroxide, cesium hydroxide and the like, among others. 

Examples of the acids that can be utilized include, for 
example, nitric acid, Sulfuric acid, hydrochloric acid, acetic 
acid, citric acid, trifluoro acetic acid. Succinic acid, salicylic 
acid and the like, and which acids are in embodiments utilized 
in a diluted form in the range of about 0.5 to about 10 weight 
percent by weight of water or in the range of about 0.7 to 
about 5 weight percent by weight of water. 
Any suitable emulsion aggregation procedure may be used 

in forming the emulsion aggregation toner particles without 
restriction. These procedures typically include the basic pro 
cess steps of at least aggregating an emulsion containing 
polymer binder, one or more colorants, one or more waxes, 
one or more Surfactants, an optional coagulant, and one or 
more additional optional additives to form aggregates, Sub 
sequently coalescing or fusing the aggregates, and then 
recovering, optionally washing and optionally drying the 
obtained emulsion aggregation toner particles. The toner par 
ticles, prior or Subsequent to washing, separation, and the 
like, are also treated with an additional amount of coagulant 
material, to provide a desired triboelectric charging charac 
teristic. 

For example, emulsion/aggregation/coalescing processes 
for the preparation of toners are illustrated in a number of 
Xerox patents, the disclosures of each of which are totally 
incorporated herein by reference, such as U.S. Pat. Nos. 
5,290,654, 5,278,020, 5,308,734, 5,370,963, 5,344,738, 
5,403,693, 5,418, 108, 5,364,729, and 5,346,797. Also of 
interest are U.S. Pat. Nos. 5,348,832; 5,405,728; 5,366,841; 
5,496,676; 5,527,658; 5,585,215; 5,650,255; 5,650.256; 
5,501,935; 5,723,253; 5,744,520; 5,763,133; 5,766,818; 
5,747.215; 5,827,633; 5,853,944; 5,804,349; 5,840,462: 
5,869,215; 5,863,698; 5,902,710; 5,910,387; 5,916,725: 
5,919,595; 5,925,488; and 5,977,210, the disclosures of each 
of which are hereby totally incorporated herein by reference. 
In addition, Xerox U.S. Pat. Nos. 6,627,373; 6,656,657: 
6,617,092; 6,638,677; 6,576,389; 6,664,017; 6,656,658; and 
6,673,505 are each hereby totally incorporated herein by 
reference. The appropriate components and process aspects 
of each of the foregoing U.S. patents may be selected for the 
present composition and process in embodiments thereof. 

In embodiments hereof, the toner process comprises form 
ing a toner particle by mixing the polymer latex, in the pres 
ence of a wax and a colorant dispersion to which is added an 
optional coagulant while blending at high speeds such as with 
a polytron. The resulting mixture having a pH of for example, 
about 2.0 to about 3.0 is aggregated by heating to a tempera 
ture below the polymer resin Tg to provide toner size aggre 
gates. Optionally, additional latex can be added to the formed 
aggregates providing a shell over the formed aggregates. The 
pH of the mixture is then changed, for example by the addi 
tion of a sodium hydroxide solution until a pH of about 7.0 is 
achieved. The temperature of the mixture is then raised to 
above the resin Tg, such as to about 95°C. After about 30 
minutes, the pH of the mixture is reduced to a value sufficient 
to coalesce or fuse the aggregates to provide a composite 
particle upon further heating such as about 4.5. The fused 
particles can be measured for shape factor or circularity, Such 
as with a Sysmex FPIA 2100 analyzer, until the desired shape 
is achieved. 



US 7,553,595 B2 
15 

The mixture is allowed to cool to room temperature (about 
20°C. to about 25°C.) and is optionally washed to remove the 
surfactant. The toner is then optionally dried. 
Once the toner particles are formed, the toner particles are 

Surface treated with an additional amount of coagulant mate 
rial as an external or Surface additive. This can be conducted, 
for example, by mixing the additional coagulant material with 
the formed toner particles, after toner particle formation and 
before or after toner particle isolation. Beneficially, once the 
toner particles are formed, the additional amount of coagulant 
material does not cause further appreciable aggregation or 
coalescence of the toner particles, and thus does not cause any 
appreciable particle size change. The coagulant can be acti 
vated or deactivated by simple pH adjustment, and the depo 
sition of the coagulantions can be readily controlled without 
comprising the particle size. Instead, the coagulant material 
interacts with the toner particle Surface. Such as by chemical 
bonding, hydrogen bonding, or the like, to adhere to the toner 
particle surface and alter the toner particle triboelectric 
charge. For example, in the case where the toner particles are 
formed using a sulfonated polyester resin, the negatively 
charged Sulfonated groups on the polyester's Surface act as 
anchors or sites for the polymeric Al ions of the coagulant. 

In embodiments, any desired amount of additional coagul 
lant can be applied as an external or Surface additive to the 
toner particles. For example, the amount of coagulant to be 
added can be directly determined by the degree of triboelec 
tric charge change that is required. That is, depending upon 
the initial triboelectric charge of the toner particles, and the 
desired final triboelectric charge, the amount of coagulant to 
be added can be readily determined empirically or by simple 
experimentation. Moreover, the amount of residual coagulant 
present on the toner particle Surface can be measured, for 
example, by first freeze drying the toner particles, and then 
using inductively coupled plasma to measure an aluminum 
content (which is directly related to an amount of coagulant). 

Thus, for example, an initially negative triboelectrically 
charged toner can be made less negatively charged, neutrally 
charged, or positively charged by addition of increasing 
amounts of additional coagulant material as a Surface additive 
to the formed toner particles. In this manner, the added coagul 
lant material either neutralizes existing negative charges in 
the toner particles, pacifies those charges, or masks them with 
more positive charges. Use of additional coagulant thus 
allows for dialing-in or tuning the triboelectric charging char 
acteristic of the toner particles. Furthermore, that dialing-in 
or tuning of the triboelectric charging characteristic can be 
altered for different toner particles, without having to rede 
sign the entire toner formulation based on different additive 
materials. 

Such additional amount of coagulant can be incorporated 
into the toner particles in any desired amount. For example, 
suitable incorporation amounts can be from about 0.001 to 
about 10% by weight of the toner particles on a dry weight 
basis, such as from about 0.01 or about 0.1 to about 3% or to 
about 5% by weight of the toner particles on a dry weight 
basis. Of course, amounts outside these ranges can be used, as 
desired. 
The toner particles of the present disclosure can be made to 

have the following physical properties when no external addi 
tives are present on the toner particles. 

The toner particles can have a surface area, as measured by 
the well known BET method, of about 1.3 to about 6.5 m/g. 
For example, for cyan, yellow and black toner particles, the 
BET surface area can be less than 2 m/g, such as from about 
1.4 to about 1.8 m/g, and for magenta toner, from about 1.4 
to about 6.3 m/g. 
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It is also desirable to control the toner particle size and limit 

the amount of both fine and coarse toner particles in the toner. 
In an embodiment, the toner particles have a very narrow 
particle size distribution with a lower number ratio geometric 
standard deviation (GSD) of approximately 1.15 to approxi 
mately 1.30, or approximately less than 1.25. The toner par 
ticles of the present disclosure also can have a size such that 
the upper geometric standard deviation (GSD) by volume is 
in the range of from about 1.15 to about 1.30, such as from 
about 1.18 to about 1.22, or less than 1.25. These GSD values 
for the toner particles of the present disclosure indicate that 
the toner particles are made to have a very narrow particle size 
distribution. 

Shape factor is also a control process parameter associated 
with the toner being able to achieve optimal machine perfor 
mance. The toner particles can have a shape factor of about 
105 to about 170, such as about 110 to about 160, SF1*a. 
Scanning electron microscopy (SEM) is used to determine 
the shape factor analysis of the toners by SEM and image 
analysis (IA) is tested. The average particle shapes are quan 
tified by employing the following shape factor (SF1a) for 
mula: SF1*a=100. Ld/(4A), where A is the area of the particle 
and d is its major axis. A perfectly circular or spherical par 
ticle has a shape factor of exactly 100. The shape factor SF1*a 
increases as the shape becomes more irregular or elongated in 
shape with a higher Surface area. In addition to measuring 
shapefactor SF, another metric to measure particle circularity 
is being used on a regular bases. This is a faster method to 
quantify the particle shape. The instrument used is an FPIA 
2100 manufactured by Sysmex. For a completely circular 
sphere the circularity would be 1.000. The toner particles can 
have circularity of about 0.920 to 0.990 and, such as from 
about 0.940 to about 0.975. 

In addition to the foregoing, the toner particles of the 
present disclosure also have the following rheological and 
flow properties. First, the toner particles can have the follow 
ing molecular weight values, each as determined by gel per 
meation chromatography (GPC) as known in the art. The 
binder of the toner particles can have a weight average 
molecular weight, Mw of from about 15,000 daltons to about 
90,000 daltons. 

Overall, the toner particles in embodiments have a weight 
average molecular weight (Mw) in the range of about 17,000 
to about 60,000 daltons, a number average molecular weight 
(Mn) of about 9,000 to about 18,000 daltons, and a MWD of 
about 2.1 to about 10. MWD is a ratio of the Mw to Min of the 
toner particles, and is a measure of the polydispersity, or 
width, of the polymer. For cyan and yellow toners, the toner 
particles in embodiments can exhibit a weight average 
molecular weight (Mw) of about 22,000 to about 38,000 
daltons, a number average molecular weight (Mn) of about 
9,000 to about 13,000 daltons, and a MWD of about 2.2 to 
about 10. For black and magenta, the toner particles in 
embodiments can exhibit a weight average molecular weight 
(Mw) of about 22,000 to about 38,000 daltons, a number 
average molecular weight (Mn) of about 9,000 to about 
13,000 daltons, and a MWD of about 2.2 to about 10. 

Further, the toners if desired can have a specified relation 
ship between the molecular weight of the latex binder and the 
molecular weight of the toner particles obtained following the 
emulsion aggregation procedure. As understood in the art, the 
binder undergoes crosslinking during processing, and the 
extent of crosslinking can be controlled during the process. 
The relationship can best be seen with respect to the molecu 
lar peak values for the binder. Molecular peak is the value that 
represents the highest peak of the weight average molecular 
weight. In the present disclosure, the binder can have a 
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molecular peak (Mp) in the range of from about 22,000 to 
about 30,000 daltons, such as from about 22,500 to about 
29,000 daltons. The toner particles prepared from such binder 
also exhibit a high molecular peak, for example of about 
23,000 to about 32,000, such as about 23,500 to about 31,500 
daltons, indicating that the molecular peak is driven by the 
properties of the binder rather than another component such 
as the colorant. 

The toner particles can be blended with external additives 
following formation. Any suitable surface additives may be 
used in embodiments. Most suitable are one or more of SiO, 
metal oxides such as, for example, TiO, and aluminum oxide, 
and a lubricating agent such as, for example, a metal salt of a 
fatty acid (e.g., Zinc Stearate (ZnSt), calcium Stearate) or long 
chain alcohols such as UNILIN 700, as external surface addi 
tives. In general, silica is applied to the toner Surface for toner 
flow, tribo enhancement, admix control, improved develop 
ment and transfer stability and higher toner blocking tem 
perature. TiO is applied for improved relative humidity (RH) 
stability, tribo control and improved development and trans 
fer stability. Zinc Stearate is optionally also used as an exter 
nal additive for the toners of the disclosure, the zinc stearate 
providing lubricating properties. Zinc stearate provides 
developer conductivity and tribo enhancement, both due to its 
lubricating nature. In addition, Zinc stearate enables higher 
toner charge and charge stability by increasing the number of 
contacts between toner and carrier particles. Calcium Stearate 
and magnesium Stearate provide similar functions. In 
embodiments, a commercially available Zinc Stearate known 
as Zinc Stearate L, obtained from Ferro Corporation, can be 
used. The external surface additives can be used with or 
without a coating. 

In embodiments, the toners contain from, for example, 
about 0.1 to about 5 weight percent titania, about 0.1 to about 
8 weight percent silica and about 0.1 to about 4 weight per 
cent Zinc Stearate. 

The toner particles of the disclosure can optionally be 
formulated into a developer composition by mixing the toner 
particles with carrier particles. Illustrative examples of carrier 
particles that can be selected for mixing with the toner com 
position prepared in accordance with the present disclosure 
include those particles that are capable of triboelectrically 
obtaining a charge of opposite polarity to that of the toner 
particles. Accordingly, in one embodiment the carrier par 
ticles may be selected so as to be of a negative polarity in order 
that the toner particles that are positively charged will adhere 
to and surround the carrier particles. Illustrative examples of 
Such carrier particles include iron, iron alloys, steel, nickel, 
iron ferrites, including ferrites that incorporate strontium, 
magnesium, manganese, copper, Zinc, and the like, magne 
tites, and the like. Additionally, there can be selected as carrier 
particles nickel berry carriers as disclosed in U.S. Pat. No. 
3,847,604, the entire disclosure of which is totally incorpo 
rated herein by reference, comprised of nodular carrier beads 
of nickel, characterized by Surfaces of reoccurring recesses 
and protrusions thereby providing particles with a relatively 
large external area. Other carriers are disclosed in U.S. Pat. 
Nos. 4,937,166 and 4,935,326, the disclosures of which are 
totally incorporated herein by reference. 

The selected carrier particles can be used with or without a 
coating, the coating generally being comprised of acrylic and 
methacrylic polymers, such as methyl methacrylate, acrylic 
and methacrylic copolymers with fluoropolymers or with 
monoalkyl or dialkylamines, fluoropolymers, polyolefins, 
polystyrenes, such as polyvinylidene fluoride resins, terpoly 
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mers of Styrene, methyl methacrylate, and a silane. Such as 
triethoxy silane, tetrafluoroethylenes, other known coatings 
and the like. 
The carrier particles can be mixed with the toner particles 

in various suitable combinations. The toner concentration is 
usually about 2% to about 10% by weight of toner and about 
90% to about 98% by weight of carrier. However, different 
toner and carrier percentages may be used to achieve a devel 
oper composition with desired characteristics. 

Toners of the present disclosure can be used in electros 
tatographic (including electrophotographic) imaging meth 
ods. Thus for example, the toners or developers of the disclo 
Sure can be charged, such as triboelectrically, and applied to 
an oppositely charged latent image on an imaging member 
Such as a photoreceptor orionographic receiver. The resultant 
toner image can then be transferred, either directly or via an 
intermediate transport member, to a Support Such as paper or 
a transparency sheet. The toner image can then be fused to the 
Support by application of heat and/or pressure, for example 
with a heated fuser roll. 

It is envisioned that the toners of the present disclosure may 
be used in any Suitable procedure for forming an image with 
a toner, including in applications other than Xerographic 
applications. 
An example is set forth hereinbelow and is illustrative of 

different compositions and conditions that can be utilized in 
practicing the disclosure. All proportions are by weight unless 
otherwise indicated. It will be apparent, however, that the 
disclosure can be practiced with many types of compositions 
and can have many different uses in accordance with the 
disclosure above and as pointed out hereinafter. 

EXAMPLES 

Comparative Example 1 

A conventional toner composition, which was prepared by 
an emulsion/aggregation process, is obtained in its mother 
liquor after the aggregation coalescence process. The base/ 
control toner washed and freeze-dried as is. The generated 
base toner was comprised of 5% cyan 15:3 pigment, 9% 
carnauba wax, 64.5% branched sulfonated polyester resin 
and 21.5% crystalline resin. The ratio of branched amorphous 
resin to crystalline resin was 75:25. The toner particles were 
coalesced at 70° C. The toner slurry was then annealed at 44° 
C. for 16 hours and then allowed to self cool to room tem 
perature. 

Examples 1 and 2 

Two batches of the base/control toner of Comparative 
Example 1 were post-treated with additional coagulant. 
Example 1 was treated with 0.08 pph polyaluminum chloride 
(PAC) and Example 2 was treated with 0.14 pph PAC. 

For both treated samples, the mother liquor, which con 
tained fines, was decanted from the toner cake which settled 
to the bottom of the beaker. The settled toner was reslurried in 
1.0 liter of deionized water, stirred for 30 minutes, and then 
filtered through a Buchner funnel coated with 3 um filter 
paper. This procedure was repeated until the solution conduc 
tivity of the filtrate was measured to be less than 10 microsi 
emens per centimeter, which indicated that the ion content 
was significantly reduced and would not interfere with PAC 
treatment. This usually required about 4-5 wash/filter cycles. 
The toner cake was redispersed into 500 milliliters of deion 
ized Millipore-purified water and heated to 37° C. The pH of 
the slurry was adjusted to 7.0 so that when the PAC was added 
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to system uncontrollable aggregation of toner would not 
occur since PAC is stable (inactive Al(OH) form) from pH 
6 to 8. The PAC was added to the toner slurry as an acidic 
nitric acid solution (0.08g or 0.14 g PAC in about 12-15 g 1M 
HNO solution per 100 g dry toner). The pH of the slurry 
dropped to 3.9–4.0 due to the nitric acid and the activity of the 
PAC was maintained as the (Al") formit was in the nitric acid 
solution. Since the PAC was added slowly and dropwise, the 
complexation was slowly initiated as the slurry pH became 
more acidic with the addition of the acidified PAC. Therefore 
the PAC reacted/attached to the toner surface in a controlled 
manner without aggregating separate particles together. 
These results were verified with coulter counterparticle size 
traces. Once all the PAC was added, the treated toner was 
heated for 2 hours at 37°C. (450 rpm on heated stir plate). 
After cooling, the particles were filtered and reslurried. This 
procedure was repeated 1-2 times more until the Solution 
conductivity of the filtrate was measured to be about 15 
microSiemens per centimeter, which indicated that the wash 
ing procedure was sufficient. The toner cake was redispersed 
into 300 milliliters of deionized water, and freeze-dried over 
72 hours. The final dry yield oftoner is estimated to be 99% 
of the theoretical yield 

Measurement of Toner Resistivity 
A 1 g sample of parent toner was conditioned overnight in 

an environmental chamber at 28°C. and 85% RH. The next 
day, the sample was pressed with 2500 PSI pressure into 
pellet form using a piston and cylinder conductivity cell 
equipped with a hydraulic press. The resistance of the pressed 
toner sample was measured with a 10 V potential using a high 
resistance meter. The length of the pellet was measured using 
a digital caliper, and the resistivity of the compressed sample 
was calculated. 

Measurement of Charging 
Developer samples were prepared with 0.5g of the parent 

toner sample and 10g of a 35 micron Solution coated carrier. 
A duplicate developer sample pair was prepared for each 
toner that was evaluated. One developer of the pair was con 
ditioned overnight at 28°C. and 85% RH, and the other was 
conditioned overnight at 10° C. and 15% RH. The next day, 
the developer samples were sealed and agitated for 1 hour 
using a Turbula mixer. After 1 hour of mixing the toner 
triboelectric charge was measured using a charge spec 
trograph. The toner charge (q/d) was measured visually as the 
midpoint of the toner charge distribution. The charge is being 
reported in millimeters of displacement from the Zero line. 

Results 
The charging results shown in the table below verify that as 

the PAC loading is increased from 0 (Comparative Example 
1) to 0.08 pph (Example 1) to 0.14 pph (Example 2) on the 
toner Surface, the charge converts from high negative to low 
negative and finally to low positive. The aluminum content 
increases with PAC content verifying that the A1 is present on 
the toner's surface. Resistivity increases with minimal PAC 
loading but drops again with the 0.14 pph PAC treatment. The 
Coulter Counter results (Ds) indicate there is minimal par 
ticle growth. 

Example 1 Example 2 
Comp. Ex. 1 (0.08 pph) (0.14 pph) 

Charge (28° C./85% RH) -3.0 mm -1.5 mm +0.6 mm 
Charge (10° C./15% RH) -26.9 mm -15.0 mm +3.4 mm 
Resistivity (ohm cm) 1.3 x 102 1.1 x 10' 1.6 x 102 
Al content (via ICP) 11 ppm 103 ppm 523 ppm 
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-continued 

Example 1 Example 2 
Comp. Ex. 1 (0.08 pph) (0.14 pph) 

Particle Size (D.so) 5.90 m 6.03 lim 6.48 um 
Volume GSD 1.24 1.25 1.26 
Number GSD 1.30 1.33 1.36 

It will be appreciated that various of the above-disclosed 
and other features and functions, or alternatives thereof, may 
be desirably combined into many other different systems or 
applications. Also that various presently unforeseen or unan 
ticipated alternatives, modifications, variations or improve 
ments therein may be subsequently made by those skilled in 
the art which are also intended to be encompassed by the 
following claims. 
What is claimed is: 
1. A toner composition comprising: 
toner particles comprising: 

a polymeric resin; 
a colorant; 
a wax; and 
an optional second coagulant, and 

a first coagulant applied as a Surface additive to a Surface of 
said toner particles to alter a triboelectric charge of said 
toner particles. 

2. The toner composition of claim 1, wherein the polymeric 
resin is a polyester resin. 

3. The toner composition of claim 1, wherein the polymeric 
resin is selected from the group consisting of polyethylene 
terephthalate, polypropylene-terephthalate, polybutylene 
terephthalate, polypentylene-terephthalate, polyhexylene 
terephthalate, polyheptadene-terephthalate, polyoctalene 
terephthalate, polyethylene-sebacate, polypropylene 
sebacate, polybutylene-sebacate, polyethylene-adipate, 
polypropylene-adipate, polybutylene-adipate, polypenty 
lene-adipate, polyhexylene-adipate, polyheptadene-adipate, 
polyoctalene-adipate, polyethylene-glutarate, polypropy 
lene-glutarate, polybutylene-glutarate, polypentylene-glut 
arate, polyhexylene-glutarate, polyheptadene-glutarate, 
polyoctalene-glutarate polyethylene-pimelate, polypropy 
lene-pimelate, polybutylene-pimelate, polypentylene-pime 
late, polyhexylene-pimelate, polyheptadene-pimelate, poly 
(propoxylated bisphenol-fumarate), poly(propoxylated 
bisphenol-succinate), poly(propoxylated bisphenol-adipate), 
poly(propoxylated bisphenol-glutarate), Sulfonated forms of 
the preceding resins, and mixtures thereof. 

4. The toner composition of claim 1, wherein the polymeric 
resin is selected from the group consisting of alkali copoly 
(5-Sulfoisophthaloyl)-co-poly(ethylene-adipate), alkali 
copoly(5-Sulfoisophthaloyl)-copoly(propylene-adipate), 
alkali copoly(5-sulfoisophthaloyl)-copoly(butylene-adi 
pate), alkalicopoly(5-Sulfo-isophthaloyl)-copoly(pentylene 
adipate), alkali copoly(5-Sulfo-iosphthaloyl)-copoly(octy 
lene-adipate), alkali copoly(5-Sulfo-isophthaloyl)-copoly 
(ethylene-adipate), alkali copoly(5-Sulfo-isophthaloyl)- 
copoly(propylene-adipate), alkali copoly(5-sulfo 
isophthaloyl)-co-poly(butylene-adipate), alkali copoly(5- 
Sulfo-isophthaloyl)-copoly(pentylene-adipate), alkalicopoly 
(5-Sulfo-isophthaloyl)-copoly(hexylene-adipate), alkali 
copoly(5-Sulfo-isophthaloyl)-copoly(octylene-adipate), 
alkali copoly(5-Sulfoisophthaloyl)-copoly(ethylene-Succi 
nate), alkali copoly(5-Sulfoisophthaloyl-copoly(butylene 
Succinate), alkali copoly(5-Sulfoisophthaloyl)-copoly(hexy 
lene-Succinate), alkali copoly(5-sulfoisophthaloyl)-copoly 
(octylene-Succinate), alkali copoly(5-Sulfo-isophthaloyl)- 
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copoly(ethylene-sebacate), alkali copoly(5-sulfo 
isophthaloyl)-copoly(propylene-sebacate), alkali copoly(5- 
Sulfo-isophthaloyl)-copoly(butylene-sebacate), alkalicopoly 
(5-Sulfo-isophthaloyl)-copoly(pentylene-sebacate), alkali 
copoly(5-Sulfo-isophthaloyl)-copoly(hexylene-sebacate), 
alkali copoly(5-Sulfo-isophthaloyl)-copoly(octylene-seba 
cate), alkali copoly(5-Sulfo-isophthaloyl)-copoly(ethylene 
adipate), alkali copoly(5-Sulfo-isophthaloyl)-copoly(propy 
lene-adipate), alkali copoly(5-Sulfo-iosphthaloyl)-copoly 
(butylene-adipate), alkali copoly(5-sulfo-isophthaloyl)- 
copoly(pentylene-adipate), alkali copoly(5-sulfo 
isophthaloyl)copoly(hexylene-adipate), and poly(octylene 
adipate). 

5. The toner composition of claim 1, wherein the polymeric 
resin is a Sulfonated polyester resin. 

6. The toner composition of claim 1, wherein the polymeric 
resin is selected from the group consisting of styrene acry 
lates, styrene methacrylates, butadienes, isoprene, acryloni 
trile, acrylic acid, methacrylic acid, beta-carboxyethyl acry 
late, polyesters, poly(styrene-butadiene), poly(methyl 
styrene-butadiene), poly(methyl methacrylate-butadiene), 
poly(ethyl methacrylate-butadiene), poly(propyl methacry 
late-butadiene), poly(butyl methacrylate-butadiene), poly(m- 
ethyl acrylate-butadiene), poly(ethyl acrylate-butadiene), 
poly(propyl acrylate-butadiene), poly(butyl acrylate-butadi 
ene), poly(styrene-isoprene), poly(methylstyrene-isoprene), 
poly(methyl methacrylate-isoprene), poly(ethyl methacry 
late-isoprene), poly(propyl methacrylate-isoprene), poly(bu 
tyl methacrylate-isoprene), poly(methyl acrylate-isoprene), 
poly(ethyl acrylate-isoprene), poly(propyl acrylate-iso 
prene), poly(butyl acrylate-isoprene); poly(styrene-propyl 
acrylate), poly(styrene-butyl acrylate), poly(styrene-butadi 
ene-acrylic acid), poly(styrene-butadiene-methacrylic acid), 
poly(styrene-butyl acrylate-acrylic acid), poly(styrene-butyl 
acrylate-methacrylic acid), poly(styrene-butyl acrylate-acry 
lonitrile), poly(styrene-butyl acrylate-acrylonitrile-acrylic 
acid), and styrene/butyl acrylate/carboxylic acidterpolymers, 
and mixtures thereof. 

7. The toner composition of claim 1, wherein the polymeric 
resin comprises a crystalline polyester resin, an amorphous 
polyester resin, or a mixture of a crystalline polyester resin 
and an amorphous polyester resin. 

8. The toner composition of claim 1, wherein the polymeric 
resin is present in the toner particles, exclusive of any optional 
external additives, and on a dry weight basis, in an amount of 
from about 70 to about 95% by weight of the toner particles. 

9. The toner composition of claim 1, wherein the toner 
particles further comprise the second coagulant incorporated 
into the toner particles as an aggregating agent. 

10. The toner composition of claim 9, wherein the second 
coagulant is the same as the first coagulant. 

11. The toner composition of claim 9, wherein the second 
coagulant is present in the toner particles, exclusive of any 
optional external additives, and on a dry weight basis, in an 
amount of from 0 to about 5% by weight of the toner particles. 

12. The toner composition of claim 1, wherein the first 
coagulant is a metal salt or a metal oxide, the metal having a 
valance of at least 3. 

13. The toner composition of claim 1, wherein the first 
coagulant is selected from the group consisting of polyalu 
minum halides, polyaluminum silicates, polyaluminum 
hydroxides, and polyaluminum phosphate. 
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14. The toner composition of claim 1, wherein the first 

coagulant is selected from the group consisting of polyalu 
minum chloride and polyaluminum sulfosilicate. 

15. The toner composition of claim 1, wherein the first 
coagulant is anchored to the Surface of the toner particles. 

16. The toner composition of claim 1, wherein the first 
coagulant is present in the toner composition in an amount of 
from about 0.001 to about 10% by weight of the toner par 
ticles on a dry weight basis. 

17. The toner composition of claim 1, wherein the first 
coagulant is present in the toner composition in an amount of 
from about 0.01 to about 5% by weight of the toner particles 
on a dry weight basis. 

18. The toner composition of claim 1, wherein the wax is an 
alkylene wax present in an amount of about 5% to about 15% 
by weight based upon the total weight of the composition. 

19. The toner composition of claim 18, wherein the wax is 
a polyethylene wax, a polypropylene wax, or mixtures 
thereof. 

20. The toner composition of claim 1, wherein the colorant 
comprises a pigment, a dye, or mixtures thereof, in an amount 
of about 1% to about 25% by weight based upon the total 
weight of the composition. 

21. The toner composition of claim 1, wherein the toner 
particles have a negative triboelectric charge, but the toner 
composition has a neutral or positive triboelectric charge. 

22. A process for preparing a toner, comprising: 
mixing a polymeric resin emulsion, a colorant dispersion, 

and a wax to form a mixture; 
adding an organic or an inorganic acid to said mixture; 
optionally adding a second coagulant to said mixture; 
heating the mixture, permitting aggregation and coales 

cence of said polymeric resin, colorant, and wax, to form 
toner particles, 

optionally cooling the mixture and isolating the toner par 
ticles, and 

adding a first coagulantas a Surface additive to a surface of 
said toner particles to alter a triboelectric charge of said 
toner particles. 

23. The process of claim 22, wherein the first coagulant 
does not cause further appreciable aggregation or coales 
cence of the toner particles. 

24. The process of claim 22, wherein the first coagulant and 
the second coagulant are poly metal halides. 

25. The process of claim 22, wherein the first coagulant 
neutralizes, pacifies, or masks existing negative charges of 
said toner particles. 

26. The process of claim 22, wherein the heating comprises 
a first heating below about the glass transition temperature of 
the polymeric resin and a second heating above about the 
glass transition temperature of the polymeric resin. 

27. The toner process of claim 26, wherein the first heating 
is from about 45° C. to about 60° C. and the second heating is 
from about 80° C. to about 95° C. 

28. A developer comprising: 
the toner of claim 1, and 
a carrier. 
29. A method of developing an image, comprising: 
applying the toner composition of claim 1 to an image; and 
fusing the toner composition to a substrate. 
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